complete the instrument on his or her own. Most studies agree that children from the age of 8 are able to provide reliable QL data (9) .
Most studies examining the QL of patients focus on separate disease categories. However, it is not clear whether it is appropriate to classify the QL of patients by specific defects or by the broader effects of illness on the patient (10) . For instance, patients with ARM and HD have comparable disease-specific problems. Besides, patients with both ARM and HD are born with a chronic disease, and both patient groups have had surgical correction in early childhood. This means that patients with ARM or HD should have much in common with respect to QL.
To provide tailored care, knowledge is needed about the factors affecting patients' QL, and the relations between those factors and QL. Some attempts have been made to clarify the relations among factors affecting QL (11, 12) , and a few studies have tested theoretical QL models on a patient population (13) (14) (15) (16) . To study which factors explain the QL of children and adolescents with ARM or HD, we have used an explanatory model, based on the Wilson and Cleary model (17) (Fig. 1) . We hypothesized that QL is affected by background characteristics, such as clinical factors (eg, disease severity) and demographic factors (eg, age), but that these effects are mediated by the functioning of the patient, such as global disease-specific functioning (eg, fecal incontinence) and perceived self-competence (eg, school attitude). This means that these background characteristics do not affect QL directly, but do so through the effects of global disease-specific functioning and the level of perceived self-competence. The model posits that the disease (ARM/HD) and its severity (mild/severe) precede the perception of the disease (global diseasespecific functioning) and coping with life (perceived self-competence), and that global disease-specific functioning and perceived self-competence precede patients' QL.
In the present study, first we compared QL and perceived self-competence between children (8-11 years) and adolescents (12-16 years) with ARM or HD, with those of the reference groups. Then, we tested whether patients' QL was explained by the clinical and demographic background characteristics via effects of global disease-specific functioning and perceived self-competence.
PATIENTS AND METHODS
In December 1998 all 722 known patients between 8 to 16 years old with ARM or HD were traced from the 6 Dutch paediatric surgical centers and from the ARM and HD patient societies. A total of 231 (32%) patients did not participate in the study for reasons including lack of basic proficiency in Dutch, mental retardation and/or Down syndrome, or having a cloaca. In addition, some of these patients were untraceable or had died. A set of questionnaires was sent to 491 patients (276 with ARM, 215 with HD), which was completed and returned by 316 (64%) of them (164 with ARM, 59%; 152 with HD, 71%). Informed consent to retrieve data also was obtained through the questionnaire. The medical ethics committees of all 6 paediatric surgical centers approved the study.
Measures
Most instruments in QL research can be classified as either generic or disease-specific. The generic instruments are designed to measure all aspects of health and well-being regardless of the underlying disease, and enable comparisons across different disease groups and with healthy reference groups. However, the generic instruments are limited in that they do not measure aspects that are of particular relevance to specific disease groups, such as disease symptoms. Conversely, disease-specific measures examine the symptoms of specific disease groups and how they function (18, 19) . As is common in QL research, we decided to include both types of questionnaires.
Quality of Life
QL of patients with ARM or HD was measured with the Netherlands Organization for Applied Scientific Research Academic Medical Center (TNO-AZL) Child Quality of Life Questionnaire (TACQOL) (20, 21) . The TACQOL is a generic Dutch instrument that has been shown to be a reliable and valid instrument for measuring QL in children and adolescents between the ages of 8 and 15 (20) (21) (22) (23) . The TACQOL was selected for this study because it measures not only health status problems but also the perception of the health status problem. It offers the respondents the possibility to differentiate between their functioning and the way they feel about it. We used 2 different versions of the TACQOL, a children's form (8-11 years) (20) and an adolescent's form (12-16 years) (21) . Both versions consist of 56 identical items, only slightly differing in wording, making up 7 scales of QL. Five health-related functioning scales include pain and symptoms (Cronbach a in our sample is 0.73), basic motor functioning (a ¼ 0.81), autonomy (a ¼ 0.70), cognitive 
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functioning (a ¼ 0.82), and interaction with parents and peers (a ¼ 0.70). Two scales represent experience of positive emotions (a ¼ 0.82) and experience of negative emotions (a ¼ 0.70). The respondent could rate whether a specific problem had occurred in the past few weeks, with 3 response options (''never,'' ''occasionally,'' and ''often'') for each item of the health-related functioning scales. If a problem occurred, then the respondent was asked how he or she felt about this problem: ''fine,'' ''not so good,'' ''quite bad,'' and ''bad.'' For each item, both responses (functioning and how they feel about it) were combined into a single item score ranging from 0 to 4 (never ¼ 4; occasionally or often combined with fine ¼ 3, with not so good ¼ 2, with quite bad ¼ 1, and with bad ¼ 0). With the emotion scales, respondents indicated on a Likert scale whether the feeling presented had occurred in the past few weeks (never, occasionally, often). Item scores for the 2 emotion scales ranged from 0 to 2. With all 7 scales, higher scores correspond to better QL. The most recent manual (21) advised omitting the autonomy scale and replacing the original interaction with parents and peers scale with a new peers-only scale because of poor reliability. In our study, the autonomy scale did indeed appear to be insufficiently reliable for some of the subgroups, with some Cronbach a about 0.50. However, the interaction with parents and peers scale appeared more reliable (Cronbach a ¼ 0.67-0.88) than the peers scale (Cronbach a ¼ 0.55-0.96) for different disease groups and different age groups. Therefore, we decided to remove the autonomy scale as advised but to keep the interaction with parents and peers scale.
To reduce the number of outcome variables for the analysis for explaining QL, we used the principal component analysis with all of the items to summarize TACQOL scale scores by 2 component scores, interpreted as physical QL (pain and symptoms, basic motor functioning, cognition) and mental QL (interaction with parents and peers, experience of positive and negative emotions, cognition). We decided to use oblique rotation, befitting the idea that resulting components are correlated. Indeed, after rotation, it appeared that the resulting physical and mental components have a clear interpretation. Apparently, cognitive functioning is indicative for both physical and mental functioning.
Disease-specific Functioning
Disease-specific functioning was measured with the Hirschsprung disease/Anorectal malformation Quality of Life questionnaire (HAQL) (24) . The HAQL questionnaire was developed by our research group for patients with ARM or HD. We used 38 identical items for children and adolescents, which only slightly differed in wording. The item scores range from 1 to 4 (''never'' ¼ 1, ''sometimes'' ¼ 2, ''often'' ¼ 3, and ''very often'' ¼ 4). Scores were recoded so that higher scores indicate a higher level of functioning. The 38 items of the HAQL were combined to form 9 subscales. Almost half of the disease-specific subscales appeared to be unreliable (Cronbach a 0.70) because of lack of variance (24, 25) . We only selected those scales with reasonable score distribution, which were presence of diarrhoea (a ¼ 0.68), faecal continence (a ¼ 0.83), physical symptoms (a ¼ 0.69), emotional functioning (a ¼ 0.79), and body image (a ¼ 0.77). We summed all 5 of these HAQL scales item scores into a single global diseasespecific functioning component covering all of the aspects that are likely to be affected by ARM or HD (ie, fecal incontinence, constipation, and disease-specific psychosocial functioning), accounting for more than 40% of all variance. Cronbach a ranged from 0.79 to 0.91 for different disease groups and different age groups. Moreover, this single factor appeared to be substantially correlated with the other research variables in the study, indicating sufficient validity.
Perceived Self-competence
A Dutch translation (26, 27) of the Harter Self-Perception Profile for Children and Adolescents (SPPC and SPPA, respectively) (28, 29) has been shown to be a reliable and valid instrument to assess children's and adolescents' perceptions of competence (26) (27) (28) (29) (30) . We used 36 identical items for children and adolescents, only slightly differing in wording, which were formulated as pairs of opposite assertions; children and adolescents first determine which of 2 statements is more like them. For example, ''other children/adolescents would like to look different'' with 2 response options: ''completely true'' or ''hardly true.'' The opposite assertion is formulated as ''some children/adolescents are satisfied with their appearance,'' with the same response options. Each answer was scored between 1 ¼ most competent (completely true) and 4 ¼ least competent (completely true for the opposite pair). Scores, ranging from 1 to 4, were coded so that higher scores indicated a higher level of functioning. The 36 identical items made up 6 scales of perceived competence in the following areas: social acceptance (a ¼ 0.81), behavioural conduct (a ¼ 0.74), scholastic competence (a ¼ 0.79), athletic competence (a ¼ 0.87), physical appearance (a ¼ 0.78), and global selfworth (a ¼ 0.78). Through principal component analysis, we summarized the 6 competence scales into 3 components: selfesteem (physical appearance, global self-worth), athletic competence (athletic competence, social acceptance), and school attitude (scholastic competence, behavioural conduct, social acceptance). Social acceptance appeared to be indicative of both athletic competence and school attitude.
Background Characteristics
Clinical variables were extracted from medical records and included disease severity (mild vs severe), presence of additional congenital anomalies, presence of a permanent stoma, and surgery. For ARM, mild versus severe referred to low defects (bucket handle, covered anus, anterior displaced anus, perineal or vestibular fistula) versus more complex defects (urethral, vesical, or vaginal fistula, or no fistula). In addition, with ARM we frequently observed the VACTERL association (the mnemonic for vertebral, anorectal, cardial, tracheo-esophageal, renal, and limb defects) (31) . For HD, mild disease was defined as aganglionosis of a common (or usual) segment (rectum or sigmoid colon), and severe disease referred to aganglionosis of a larger segment (descending colon, transverse colon, ascending colon, or ileum). Demographic characteristics included age and sex, which were assessed with 2 additional items in the questionnaire.
Statistical Analyses

Comparisons With Reference Groups
The TACQOL mean scores of the patient groups were compared with reference values from a Dutch general population,
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children ages 8 to 11 (n ¼ 878) and adolescents ages 12-15 (n ¼ 931), as reported by Vogels et al (20, 21) . Mean scores of the SPPC/SPPA of the patient groups also were compared with reference values from a Dutch general population of children ages 8 to 12 (n ¼ 361) and adolescents ages 12 to 18 (n ¼ 1386), as reported by Veerman et al (26) and Treffers et al (27) . TACQOL and SPPC/SPPA reference groups both consist of 50% boys versus 50% girls, whereas in our samples sex was distributed as 65% boys versus 35% girls for children with ARM, 69% boys versus 31% girls for adolescents with ARM, 78% boys versus 22% girls for children with HD, and 82% boys versus 18% girls for adolescents with HD (Table 1) . Therefore, we weighted our samples according to the 50/50 sex distribution of the reference groups.
Explaining Patients' QL
To check whether the different samples of children and adolescents with ARM or HD could be combined for the analysis of QL, first we tested whether the relations between the research variables for these groups were similar or not by comparing the correlation matrices using structural equation modelling (32) . Subsequently, we tested whether the explanatory model fitted the data by examining whether the covariance structure that follows from the proposed model fitted to the observed covariances. The fit was evaluated through a chisquare test and through the root mean square error of approximation (RMSEA). According to a generally accepted rule of thumb (33) , RMSEA values lower than 0.08 indicate reasonable fit, and values lower than 0.05 indicate close fit. In addition to overall goodness of fit, component fit was evaluated by inspecting standardized discrepancies (between observed and expected correlations) and the computer program modification indices of LISREL (34) . Relations between background characteristics, global disease-specific functioning, perceived self-competence, and QL were expressed as standardized regression coefficients and tested through Wald tests (32) . In our study, 0.1, 0.3, and 0.5 can be considered as small, medium, and large (35) .
RESULTS
Sample Characteristics
The total sample consisted of 316 patients, including 164 patients with ARM (92 children and 72 adolescents) and 152 patients with HD (76 children and 76 adolescents). Patient characteristics for disease groups (ARM/HD) and age groups (children/adolescents) are given in Table 1 .
Comparing Patients With Reference Groups
Means and standard deviations of the QL scales and the perceived self-competence scales are depicted in Table 2 . Although on average no QL differences were found between children and adolescents with ARM or HD, standard deviations revealed considerable variation between patients. Children in both patient groups scored significantly lower on all perceived competency scales compared with the reference groups (P < 0.001 for almost all of the subscales). The perceived competency comparisons between the adolescents of both ARM or HD and the reference groups also resulted in significant differences in the scores of the subscale physical appearance, with the patients doing better (P < 0.01 and P < 0.001, respectively). Also, adolescents with ARM scored better on social acceptance and athletic competencies (P < 0.05), and adolescents with HD scored better on global selfworth (P ¼ 0.01).
Explaining Patients' QL
Structural equation modelling showed that the correlation matrices of the age groups (RMSEA ¼ 0.072, 90% confidence interval [CI] 0.046-0.096) and the 2 disease groups (RMSEA ¼ 0.034, 90% CI 0.000-0.110) were essentially equivalent, so we combined age and disease groups for the analysis for explaining QL with the additional advantage of a larger sample size (increased power and higher precision). Despite equivalent relations between research variables, patients with different diseases (ARM or HD) and patients with different ages (children or adolescents) may have different levels of QL, global disease-specific functioning, and perceived self-competence. To control for effects of type of disease or age, we included type of disease (ARM/HD) and age among the predictor variables.
The explanatory model described in Figure 1 was fitted to the correlation matrix. The chi-square distribution with x degrees of freedom, or CHISQ (x), measure of overall goodness-of-fit was 25.42 (CHISQ (10), P ¼ 0.00), and the hypothesis of exact fit was rejected. The RMSEA was 0.069, and the 90% CI ranged from 0.035 to 0.10, which was considered a satisfactory fit. However, inspection of the component fit suggested 2 additional direct effects of disease severity on physical QL and of age on mental QL. The addition of these direct effects resulted in a modified model with good fit (CHISQ (8) ¼ 10.12; P ¼ 0.26; RMSEA ¼ 0.028; 90% CI 0.00-0.075). Table 3 presents the standardized regression coefficients of the modified model.
Of the background characteristics, female sex had a negative effect on athletic competence (b ¼ À0.27), older age negatively affected self-esteem (b ¼ À0.29), athletic competencies (b ¼ À0.17), and school attitude (b ¼ À0.16). A severe form of the disease had a negative effect on global disease-specific functioning (b ¼ À0.16) ( Table 3 ). In addition, older age and a severe disease form had direct positive effects on mental QL (b ¼ 0.10) and physical QL (b ¼ 0.14), respectively (Table 3 ). In turn, almost all of the mediating variables had significant effects on QL; that is, global diseasespecific functioning positively affected physical QL Table 3 shows that the modified model explained 39% of variance in physical QL and 46% in mental QL (Table 3) .
DISCUSSION
The 2 patient groups were combined a priori in 1 study because both patients with ARM and HD have to deal with similar physical problems. These similarities imply considerable commonality in the impact of these diseases on patients' daily functioning and QL. To examine whether patients with ARM or HD indeed reported similar QL problems, we compared them separately to the reference groups. On average, children and adolescents in both patient groups did not report impaired QL as compared with healthy peers. However, we were interested not only in the group as a whole but also in individual variation. It appeared that within our groups, some of the ARM or HD patients reported high levels of QL, whereas others indicated low levels of QL.
From other studies, it appeared that the age of ARM patients has direct influence on the impact of QL (36, 37) . Two crucial stages have been identified, before the commencement of primary education and immediately before adolescence (37) . Moreover, because developmental stages require their own adaptation, children and adolescents may report different levels of QL, which may call for age-related care. The QL and perceived selfcompetencies of the children and adolescents cannot be measured with exactly the same instruments, rendering comparisons of the child populations on the one hand and the adolescent populations on the other hand impossible. Because patients in different age groups necessarily need age-specific questionnaires, problems with comparisons are inherent to examining children and adolescents in 1 study. Consequently we used 2 age-related versions of the TACQOL and the SPPC/SPPA, for children (20, 26) and adolescents (21, 27) , respectively. Because the child and the adolescent versions of the used questionnaires contain overlapping items, which only slightly differ in wording, we were able to form comparable subscales. Therefore, we were allowed to compare levels of QL domains of children with ARM or HD with those of adolescents with ARM or HD to see whether they differ. We found that adolescents' QL and perceived self-competence was poorer than that of children, but this was also true for healthy adolescents (data not shown). We also compared the QL and perceived competence of children with ARM or HD and that of adolescents with ARM or HD separately to the reference groups. Remarkably, compared with the reference groups, we found that adolescents performed better than children did. Because level of QL and perceived selfcompetence varies between age groups also in healthy populations, it can be argued that healthy peers provide the best standard for comparisons because they provide more valid information regarding patients' QL and perceived self-competence. Therefore, we only showed the results of the comparisons with healthy peers, and concluded that adolescents performed better than children did. More specifically, children with ARM and HD scored lower on almost all of the perceived competency scales. Conversely, adolescents with ARM or HD perceived some of their competencies as even better when compared with healthy peers (social acceptance, athletic competencies, physical appearance, and global selfworth). It may be that compared with healthy adolescents, adolescents with ARM or HD have developed stronger psychosocial competency and coping skills, probably because they have had to learn to live with chronic functional problems. An alternative explanation is that adolescents have a strong wish to be ''normal'' and therefore completed the questionnaires with as positive of an outlook as possible (ie, in a socially desirable way).
To provide tailored care for the specific needs of children and adolescents with ARM or HD, knowledge about the factors that affect QL is needed. Therefore, our second question addressed the factors associated with QL. Because relations between the research variables between the 2 disease groups appeared to be equivalent, combining ARM and HD patients in the analysis to explain QL was justified. Still, despite equivalent relations between research variables, ARM patients and HD patients may have different levels of QL. To investigate and check for such differences, we included type of disease (ARM/HD) as a predictor variable in the analyses for explaining QL.
We found that the observational data fitted the explanatory model satisfactorily, indicating that effects of background characteristics on QL are indeed mediated by global disease-specific functioning and psychosocial competence. This means that the background characteristics do not affect QL directly, but do so through the effects of global disease-specific function and perceived self-competence. The model explained 39% to 46% of physical and mental QL, respectively, of children and adolescents with ARM or HD.
Effects of background characteristics on global diseasespecific functioning and perceived self-competence showed that those with female sex, older age, or more severity of the disease reported lower levels of perceived self-competence and global disease-specific functioning. Notice that the classification of disease severity is arbitrary. We chose to classify the severity of ARM and HD by the length of the affected part of the bowel because longer affected segments (or with ARM, more complex forms) are usually associated with worse physical outcome/more symptoms than short (or usual) segments of the bowel. It appeared that patients with a severe form of the disease reported more chronic defecation problems than patients with a mild form. Furthermore, the results of our longitudinal study with children and adolescents with ARM or HD (38) show that the severely affected patients did not improve in global disease-specific functioning, whereas the less severely affected patients improved. The direct relation between disease severity and (change in) global disease-specific functioning confirmed that our classification of disease severity was justified. However, in future research it would be useful to include more objective parameters on faecal functioning, such as anorectal manometer or dynamic rectal imaging to enable further disentangling of the interesting relations between objective and subjective parameters of faecal continence problems and QL.
Effects of global disease-specific functioning and perceived self-competence on QL showed that the strongest effects were found for perceived self-competence on QL, in particular for school attitude. School attitude refers to school performance, behavioural conduct, and social acceptance. Results showed that global disease-specific functioning also explained the QL of these children and adolescents. In contrast, the results in our studies with the adult populations showed that constipation and faecal incontinence had almost no influence on QL (39) or changes in QL (40) , whereas the level of self-esteem and perceived self-competence (eg, body image, sexual interest, emotional functioning) were the most important factors affecting QL and changes in QL. The results of the adult populations indicate that neither fewer symptoms nor an improvement in global disease-specific functioning automatically imply better QL or an improvement in all QL aspects. However, because perceived self-competence and global disease-specific functioning both appear to be consistent predictors of QL of children and adolescents with ARM or HD, we can conclude that increasing perceived self-competence complementary to alleviating symptoms may improve QL for those patients with ARM or HD who are in need of extra care.
In the proposed model, we took into consideration that relations between variables may be complex, and we specified not only causal effects between background characteristics and mediating factors, and between mediating factors and outcome factors, but also correlations among the variables within the background characteristics, the mediating factors, and the outcome factors. This way possible confusion between variables was accounted for. With LISREL, causal models with causal effects are fitted to the data. However, if a model fits the data, the effect in the model is causal, but whether the relation is actually causal and in which direction can only be examined in an experiment with random assignments to several conditions. Nevertheless, we believe in the causality of the model. We believe that QL is affected by the global perception of the disease and by perceived self-competence. Most of all, we believe in the strength of the Wilson and Cleary model in practical terms. After all, disease severity cannot be treated directly, and neither can QL. Ideally, to decrease the negative impact of the disease and to improve patients' QL, treatment of children and adolescents should be directed at the mediating factors, that is, at both alleviating symptoms (faecal incontinence and constipation) and improving perceived self-competence
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(eg, feeling of embarrassment, lack of positive self-esteem, school problems). For instance, global disease-specific functioning may be improved by medical treatment, which could include surgical interventions, anal dilatations, prescription of various laxatives and enemas, necessary information about diet and toilet habits, medication, and provision of incontinence material (41) (42) (43) . To improve psychosocial functioning, medical treatment should be combined with paramedical treatment such as physiotherapy or dietary advice, and psychosocial treatment such as psychotherapy or counselling. By directing treatment at both global disease-specific and psychosocial functioning, it may be expected that patients with ARM or HD improve their QL. Our results also are in concordance with other studies that show that nonmedical treatment is considered a useful supplement to the standard medical treatment (42, 43) . Peňa and Hong (44) found that 95% of their patients improved their QL dramatically and remained clean most of the time by implementing a well-instructed bowel management program, showing that a combination of medical and nonmedical care can be successful. Therefore, we recommend that health care providers who treat patients with ARM or HD should be aware of psychosocial problems and should therefore inquire not only about patients' physical well-being but also about patients' emotional and social well-being. A limitation of the study was that the response rate was lower for ARM patients (59%) than for HD patients (71%), which may be because of the simultaneous study of Poley et al (1) . Perhaps the overlapping inclusion of patients resulted in loss of patients. However, our sample size is still sufficiently large (n ¼ 316). For reasons of confidentiality, we were not able to assess the characteristics of nonresponding patients from the first measurement, and to what extent selection bias may have played a role was not easy to determine. Only 64% of the approached patients returned the questionnaire, which may constitute a selection bias. However, the sex distribution, male-female ratio in relation to severity of the disease, and the incidence of additional congenital diseases was similar to those of other studies, which suggest a representative sample (45) (46) (47) . The only exception was the percentage of adolescent ARM patients with congenital anomalies (38% vs 50%), giving an underrepresentation of adolescents with ARM with additional congenital anomalies.
Recommendations for Treatment
First, health care providers should be especially alert to children and adolescents who are female, with a severe form of the disease or with additional congenital diseases, because they reported lower levels of perceived self-competence and global disease-specific functioning. Furthermore, because the results of the present study showed that the QL of these patients is highly dependent on perceived self-competence, nonmedical assistance to increase self-competence would be a valuable addition to the standard medical care. Because clinical practice normally is directed at minimizing symptoms and not at improving perceived self-competence, increasing awareness of the nonmedical problems and applying psychosocial treatment is an important addition to treatment for paediatric surgeons and other health care providers because it may be expected that patients with ARM and HD will achieve better control of their stool problems and can improve their QL. Ideally, there should be a screening tool to make clinicians aware of individual physical and psychosocial problems, preferably in childhood. The Dutch proverb ''learnt young is done old'' reinforces the maxim that if you learn something at an early age, you become quite good at it when you are older. This bit of folk wisdom has been shared by other cultures-similar English proverbs include ''learn young, learn fair'' and ''what's learnt in the cradle lasts till the tomb''-and we suggest that the results of our study may have similar adaptability.
